This paper presents the experimental characterization of a double-effect absorption heat pump 9 (DEAHP) using lithium bromide-water (LiBr-H2O) which recovers the low-energy latent heat 10 from the last effect of a multi-effect distillation (MED) plant. The experimental facility is 11 located at the Plataforma Solar de Almería (PSA) and the test campaign has been performed 12 with the aim to find the best operating strategies that minimize the energy consumption and 13 maximize the energetic efficiency of the DEAHP-MED system taking also into account the 14 distillate production of the MED unit. For this purpose, the impact of the variation of the input 15 variables by which the DEAHP-MED system can be controlled (MED inlet hot water flow 16 rate, MED inlet hot water temperature, the live steam flow rate and the DEAHP cooling water 17 flow rate) on the coefficient of performance ( ), the performance ratio ( ) and on the 18 total distillate production, has been analysed in two different coupling schemes between the 19 DEAHP and the MED unit (indirect and direct). The results revealed that in direct mode, the 20 rise in the live steam flow rate has the greatest impact on the distillate production and the 21 increase of the MED inlet hot water flow rate and the DEAHP cooling flow rate on the .
plant (last effect heat recovery) to increase its efficiency, in two coupling modes: direct and 137 indirect, both at nominal and partial load conditions. The experimental characterization aims 138 to determine the optimum operating conditions and the best-operating strategies that minimize 139 the energy consumption and maximize the energetic efficiency of the system taking also into 140 account the distillate production of the MED plant. For this purpose, a total of 22 experiments 141 have been performed and the influence of the input variables by which the system can be 142 controlled (the MED inlet hot water flow rate ( ℎ ), the MED inlet hot water temperature 143 ( ℎ ), the live steam flow rate ( ) and the DEAHP cooling water flow rate ( )) on 144 the , the and on the distillate production ( ̇) has been evaluated from an energetic 145 point of view. In addition, empirical correlations that forecast the and the ̇ as a 146 function of the , have been developed and validated statistically. 154 The LiBr-H2O DEAHP (see Figure 2 on the left and the layout in Figure 3 source which is heated up by the DEAHP, as shown in Figure 3 . Table 1 shows the characteristics of all the components of the DEAHP-PSA. 244 The propane gas-fired tank (see Figure 4 , on the left) was manufactured by Laguens y Pérez, The gas boiler type RL 200 (see Figure 4 , on the right) was manufactured by ATTSU, and its 251 characteristics and dimensions are shown in Table 3 . 256 The experimental characterization of the DEAHP-MED system has been performed with the 257 aim to determine the optimum operating conditions and the best operating strategies that 258 minimize the energy consumption and maximize the energetic efficiency of the system, taking 259 also into account the distillate production. The characterization of the DEAHP-MED system 260 was performed by assessing the impact of the variation of all the parameters that control the 261 operation of the system on the distillate production, the and the . These two latter 262 parameters are given by Eqs. (1) and (2):
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Two operation modes were evaluated depending on the coupling of the MED unit with the Figure 3 ). In the first operation mode, the temperature of the water entering the first effect of 270 the MED plant is controlled by a three-way valve ( 1 ), and in the second one, the water 271 achieves the temperature given by the operation of the DEAHP.
272
The experimental campaigns carried out in each operation mode are detailed below: shown in Table 4 . 303 The standard deviation (based on the entire population) is determined using the following 304 formula:
where is the sample mean average, ̅ is the mean value of these observations and n is the The uncertainty propagation is calculated by the following equation:
where Xi is the vector of measured variables, Y the calculated variables ( and ) and U 320 represents the uncertainty of the variable. All the measurements were taken after steady state conditions were reached in the Figure 9 shows the variation of the , the and distillate production versus the variation the , which promotes more evaporation in the MED unit and therefore more distillate 435 production.
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On the other hand, the reached the maximum value at a of 25 m 3 /h (2.11±0.38).
Then, it decreased with the (from 25.35 m 3 /h to 28.89 m 3 /h with a percentage of 5.10%, to reach a minimum of 2.00, while the distillate production increased 7.88% in the same range.
439
The gradually increased with the increase in the from 28.89 m 3 /h to 32.04 m 3 /h 440 (with a percentage of 3.84%).These results are in consistency with the results obtained in Ref 441 [13] . Likewise, the also achieved its maximum (18.95±1.75) at of 25 m 3 /h. Hence, the 442 optimum would be 32.04 m 3 /h that give a high of 2.08±0.34, makes the MED unit 443 produce the maximum distillate production of (2.42±0.07 m 3 /h) and reach a high of 
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From all the previous results, it can be seen that the rise in has more influence in ̇ than 467 that of ℎ and . In the case of the , the rise of ℎ and from 10 to 12 L/s 468 at a of 33.13 m 3 /h has more influence than the rise in the .
From all the prior results in indirect and direct mode, the optimum operation points have been 470 selected (see Table 5 ) according to the objective to be accomplished: minimize the energy 471 consumption and maximize the energy efficiency of the system taking also into account the 472 distillate production. From the optimum results shown in Table 5 , the best operating strategies that lead to the 484 minimum energy consumption and the maximum energetic efficiency of the system have been 485 selected. They are summarized in Table 6 .
473
486 487 In order to study the optimum operating points that minimize the energy consumption and 516 maximize the energy efficiency of the DEAHP-MED system, the influence of various key 517 parameters that control the operation of the system on its performance has been investigated 518 by an experimental characterization at different operation modes. The results of the , 519 distillate production and in the different cases has been presented and analysed. Some 520 conclusions driven from this experimental analysis are drawn as follows: 
534
(3) Comparing these optimum points with respect those ones obtained in the study of the 535 MED unit operating without the DEAHP [24] but with solar energy, it is found that the 536 distillate production obtained is similar but the with the DEAHP-MED system is nearly 
